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A High Caliber Region based Routing with Parallel Collision 






DQG JHW PXOWLPHGLD LQIRUPDWLRQ \HW LW RXJKW WR DGGLWLRQDOO\ IRUZDUG WKH PXOWLPHGLD WUDIILF PRYHPHQW UDQGRP WR LWV RZQ
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HJ%DWWHU\SRZHU
7KLVSDSHUH[DPLQHVWKH5HJLRQEDVHG5RXWLQJZLWK3DUDOOHO&ROOLVLRQ*XLGHG%URDGFDVWLQJ3URWRFRO553&*%3XVHVSDUDOOHO
DQGFLUFXODWHGEURDGFDVWLQJPHWKRG WRGLPLQLVK UHSHWLWLYHEURDGFDVWLQJDQG WRTXLFNHQ WKHSDWKUHYHODWLRQPHWKRGRORJ\ZKLOH
NHHSLQJXSDKLJKDFKLHYLQJFDSDFLW\SURSRUWLRQDQGLQDGGLWLRQNHHSLQJQRGHHQHUJ\XWLOL]DWLRQORZ553&*%3XWLOL]HVDRQH
KRSFOXVWHULQJDOJRULWKPFDOFXODWLRQWKDWGLYLGHVWKHQHWZRUNLQWRUHJLRQVKHDGHGE\GHSHQGDEOHSLRQHHUVWKDWDUHIRUWKHPRVW
SDUW VWDWLF DQG KDYH FRSLRXV EDWWHU\ DVVHWV 7KH H[HFXWLRQ TXDOLWLHV RI WKH5&*FRQYHQWLRQ DUHPDGH WKURXJK VLPXODWLRQV E\
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+HQFH WKH ODWHQF\RI WKHURXWLQJSURWRFRO LV ORZ7KHFRVW LQDSURDFWLYHURXWLQJSURFHVV LV WKHKLJKFKDQQHO WKDW
UHGXFHVWKHRYHUKHDGVIRUURXWHUHGHVLJQFRQWUROPHVVDJHVDQGWKHWLPHIRUMRLQLQJWKHQHWZRUNURXWHLQIRUPDWLRQ
&RQVHTXHQWO\ D KLJK FDOLEHU 5HJLRQ EDVHG 5RXWLQJ ZLWK 3DUDOOHO &ROOLVLRQ *XLGHG %URDGFDVWLQJ 3URWRFRO
553&*%3 IRU UHFRQILJXUDEOH ZLUHOHVV 0RELOH $G +RF 1HWZRUNV 0$1(7 LV GHVLJQHG WKDW HQGHDYRUV WKH
TXDOLWLHVDQGPLQLPL]HVWKHHIILFLHQF\RIUHDFWLYHDQGSURDFWLYHURXWLQJ

,Q 0$1(7V D SOHQW\ RI URXWLQJ SURWRFROV DUH VXSSRUWHG )ORRGLQJ HQVXUHV KLJK DFKLHYLQJ FDSDFLW\ DQG
GHILFLHQF\RIURXWLQJWLPHLQORZGHQVLW\QHWZRUNV6LPXOWDQHRXVO\PXOWLPHGLDEURDGFDVWLQJXWLOL]HVDFRQVLGHUDEOH
PHDVXUHRIQHWZRUNOLPLWDQGLWLVLQFOLQHGWRGLVSOD\WKHGLVDVWHULQGHQVHQHWZRUNVWKDWH[SDQGVWKHURXWLQJSURFHVV
7KH UHURXWLQJSURFHVVGHFUHDVHV WKH RYHUKHDGVE\SURFHVVLQJ WKHPXOWLPHGLD UHURXWLQJ WKHSDFNHW FROOLVLRQXVLQJ
5HJLRQ EDVHG URXWLQJ ZLWK 3DUDOOHO &ROOLVLRQ *XLGHG %URDGFDVWLQJ 3URWRFRO 553&*%3>@ 6HYHUDO DPRXQW RI




7KLV SDSHU IRFXVHV RQ WKH DVVHVVPHQW RI WKH HIIHFWLYHQHVV LQ 5HJLRQ EDVHG 5RXWLQJ ZLWK 3DUDOOHO &ROOLVLRQ
*XLGHG %URDGFDVWLQJ 3URWRFRO 553&*%3 SURWRFRO RQ WKH UHPRWH QHWZRUNV &RQVLGHU DQ H[DPSOH SRUWDEOH
GRFXPHQWLQIRUPDWLRQ LPSDUWLQJ DQG 3XVK WR 7DON 377 RWKHUZLVH FDOOHG 3UHVVWR7UDQVPLW 6XFK DSSOLFDWLRQV
UDWKHUWKDQ9RLFHRYHU,39R,3DQGJDPLQJWKDWGRQ¶WPDNHWKHFOLHQWVWRXWLOL]HWKHLUFRQQHFWLRQZKLFKLPSOLHV
WKDWWKH\GLGQ¶WVHQGDQ\PRYHPHQWRQWKHURXWLQJSURWRFRO7KHFRUUHVSRQGHQFHFKDQQHOFDQEHNHSWG\QDPLFE\
VHQGLQJFRQWUROSDFNHWV WR WKHREMHFWLYHQRGHWRUHPLQGWKHWUDQVLWLRQDOQRGHVDORQJWKHZD\WKDW WKHURXWHLVVWLOO
EHLQJ XVHG 7KLV ZLOO PDLQWDLQ WKH GHVWLQDWLRQ URXWHV WKDW FDQ EH DFFHVVHG DW ZKDWHYHU SRLQW QHHGHG WR WUDQVIHU
LQIRUPDWLRQWRH[SDQGWKHQHWZRUNDVVHWVLHQHWZRUNGDWDWUDQVIHUFDSDFLW\DQGQRGHSRZHU2QWKHRWKHUKDQGLI
WKHVH FRQWURO SDFNHWV DUH QRW VHQW VHTXHQWLDOO\ WKH\ FDQ UHVXOW LQ WKH URXWLQJ WDEOH WR PRGHUDWH WKH QRGHV RI
PXOWLPHGLD EURDGFDVWLQJ 7KLV SURFHVV FDQ HOLPLQDWH WKH GLVDVWHU LVVXH ZKLFK VHTXHQWLDOO\ H[SDQGV WKH QHWZRUN
WKURXJKSXWDQGFDXVHVKLJKSRZHUXWLOL]DWLRQLQFRQQHFWHGQRGHV

7KLVSDSHUGHSLFWV WKHRXWOLQHRI WKH553&*%3DQGWKHUHVXOW LVJHQHUDWHGXVLQJ553&*%3SURFHVVZLWKWKH
HOLPLQDWLRQRIWKHGLVDGYDQWDJHVIURPWKH$2'9DQG'65




LL 7KH\ DUH EURDGO\ XWLOL]HG DQG JHQHUDOO\ SUDFWLFHG RQ WKH UHDO WLPH DSSOLFDWLRQV )RU H[DPSOH0LFURVRIW
ODWWLFHQHWZRUNVXVH HOHPHQW VRXUFH URXWLQJNQRZQDV'65$GGLWLRQDOO\$2'9 URXWLQJ FRQYHQWLRQ LV
DOVRDFFHVVLEOHIRUWKH/LQX[DQG0LFURVRIW:LQGRZVZRUNLQJIUDPHZRUNV
7KLV SDSHU VWDUWV ZLWK D VKRUW SUHVHQWDWLRQ DERXW WKH 553&*%3 FRQYHQWLRQ LQ 6HFWLRQ  $W WKDW SRLQW LW
GHVFULEHV HIILFLHQW XWLOL]DWLRQ RI WKH WLPH LQ WKH UHJLRQDO SURWRFRO SURFHVV 7KLV FRYHUV WKH VWUDWHJLHV XVHG WR
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2. The RRPCGBP convention  





















VHQGHU LV D 5/ 7KH VRXUFH RI WKH +HOOR LV QRZ D SDUW RI D FXUUHQW 5/ ZLWK ,3 ORFDWLRQ HTXLYDOHQW WR 5/BLS
'LVWULEXWLQJWKHVWDWXVRIDQRGHWULJJHUVWKHDFWLYLWLHVRIWKHZHOOFRQQHFWHGQHWZRUNUHJLRQV

,Q WKHSUHOLPLQDU\ VWDJHZKHQRUJDQL]LQJ WKHQHWZRUN UHJLRQV DOO QRGHV DUH HVWDEOLVKHG LQ DQ LGOH VWDWH
ZLWK+HOORPHVVDJHV DPRQJ WKHPVHOYHV 6XEVHTXHQWO\ WZR RUPRUH QRGHVZLOO XQGHUVWDQG WKHLU SUHVHQFH LQVLGH
WKHLU UHVWULFWHG UHPRWH UDQJH 7KH\ FRQVHTXHQWO\ FKRRVH WR SHUIRUP WKH UHJLRQ GHYHORSPHQW FRQYHQWLRQ VR DV WR























$W WKH SRLQWZKHQ DQ LGOH QRGH ILUVW JHWV D+HOOR LW VHWV D WLPH WR LQYHVWLJDWH WKH H[HFXWLRQSURFHVV7KHQ LW
ILJXUHV WKH TXDQWLW\ RI G\QDPLF FRQQHFWLRQV WR LWV FRQWURO QHLJKERUV WKDW DUH QRW DV D SDUW RI 5/ RU SDUWV RI DQ
DGMDFHQW UHJLRQ DQG WKLV LV XWLOL]HG WR PDQDJH WKH VSHHG RI WKH FRPPHQFHPHQW FORFN 7KH QRGH ZLWK WKH PRVW
HOHYDWHGOHYHORIWKHQHWZRUNLVZHOORQWKHZD\WRWXUQLQWRWKH5HJLRQ&RQVWUXFWLRQ2UJDQL]HU5&27KHSXUSRVH
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EHKLQG WKLV LV WR LQFOXGH ZKDWHYHU WKH VWDWXV WUDFHG IURP WKH LGOH QRGHV 7KH 5&2 LQVWDQWO\ WHOHFDVWV D UHJLRQ
GHYHORSPHQWFDOODQGDUHJLRQGHYHORSPHQWHQGWLPHZLWKDGHFLGHG77/VRWKHFDOOGRHVQRWVSUHDGRYHUWKHZKROH
QHWZRUN $ PRGHUDWH 77/ TXDOLW\ LV PHDVXUHG RI ± $Q LGOH QRGH WKDW GLVFRQQHFW WKH FDOOV ZKHQ WKH FORFN
FRPPHQFHPHQW SURFHGXUH WR WXUQ LQWR WKH5&27KH5&2 OLNHZLVH WUDQVIRUPV LWV VWDWXV WR5&37KH UHPDLQLQJ







DQG WR WXUQ LQWR D 5&3 7KH UHJLRQ GHYHORSPHQW HQG WLPH LV FRPSXWHG LQ D FRPSDUDWLYH PDQQHU WR WKH
1HWBWUDYHUVDOBWLPH SDUDPHWHU DV LQ$2'9 FRQYHQWLRQ WKDW GHSLFWV WKH H[HFXWLRQ WLPH RI8QLFDVW URXWLQJ ,I WKH
URXWH VWDWXV LV QRW SUHGLFWHG LQ WKH1HWBWUDYHUVDOBWLPH WKH VRXUFH QRGH VHQGV DQRWKHU DSSHDO IRU D WHOHFDVW 7KH






SDUW RI PHPEHU QRGHV DQG SXW WKH 5/
V ,3 LQ WKHLU +HOOR KHDGHUV VXEVHTXHQWO\ FRQILJXULQJ WKH UHJLRQ 7KH
UHPDLQLQJ5&3VSRWWHGLQVLGHD!KRSFRXQWIURPWKHUHFHQWO\FKRVHQ5/7KLVPHWKRGRORJ\LVUHKDVKHGXQWLOHDFK









7KH UHJLRQ GHYHORSPHQW FRQYHQWLRQ LV XWLOL]HG WR UHFRJQL]H D UHJLRQ SLRQHHU ZKHUHE\ QRGHV ZLWK WKH OHVV
SDUDPHWHUVIRUH[DPSOHOHDVWYHUVDWLOLW\DQGDKLJKOHYHORILQWHJUDWLRQDQGEDWWHU\IRUFHWKDWDUHIDYRXUHGIRUWKH
5/SDUW$VLPLODUSURFHVVNQRZQDVµ:HLJKWHG&OXVWHULQJ$OJRULWKP:&$¶FDOFXODWLRQ>@LVHPEUDFHGLQWKH
5&* WRFRPSXWH WKH))RI WKHQRGHV IUDPLQJ WKH UHJLRQV:&$ LVDGLVSHUVHGDSSURDFK WKDWFRQVLGHUVGLIIHUHQW










0RELOLW\ LV D EDVLF FRPSRQHQWZKHQ VHOHFWLQJ WKH5/ ,Q WKLV DVSHFW WKH5/ WKDWPRYHV DUELWUDULO\ DQG
UDSLGO\ZLWK UHVSHFW WR LWV QHLJKERU QRGHV 7KH DGDSWDELOLW\ RI WKH QRGHV LQ D0$1(7 LV D FHUWDLQ
YDULDEOHDQGWKLV LV WKHUHDVRQWKH5/GHWHUPLQDWLRQQHWZRUNLQWHQGVWRGHFUHDVHWKHLUQXPEHULQ WKH
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QHWZRUNDQGSLFNLQJWKRVHZLWKOHVVSRUWDELOLW\WRWDFNOHWKHPHPEHU+HQFHIRUWKWKHHIILFLHQWQRGHV
ZLWK WKH KLJKHVW VSHHG DQG SRUWDELOLW\ LV XVHG IRU WKH VHOHFWLRQ RI WKH 5/ HLWKHU WKH\ FRQQHFW RU
GLVFRQQHFWIURPWKHJURXSVRIDQHWZRUN
$QRWKHUHVVHQWLDOFRPSRQHQW WKDW LVFRQVLGHUHGZKHQVHOHFWLQJ5/V LVEDWWHU\SRZHU ,QVSLWHRI WKH IDFW













HVWLPDWLRQ WKH 5&* XVHV PXOWLSOH GHOD\ REVHUYDWLRQV 7KH DJJUHJDWH RI WKH GLVWDQFHV IURP DOO LWV QHLJKERUV LV
432   V. Sowmya Devi and Nagaratna P. Hegde /  Procedia Computer Science  48 ( 2015 )  427 – 439 








































ZHOOQHVVZRUWK IRXQGDLPHG WKH UHJLRQGHYHORSPHQWFRQYHQWLRQ2Q WKHRWKHUKDQG LQ WKHFDVHRIDQDO\]LQJ WKH
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RIWKHLUQHLJKERXUVWKDWDUHDSLHFHRIG\QDPLFURXWHVVRZKHQDFRQQHFWLRQGLVDSSRLQWPHQWLVVHHQE\RQHRUPRUH
QRGHVD5RXWH(UURU3DFNHW5(55PHVVDJHZLOOEHVHQWWRUHSRUWDUXQGRZQRIDOOLQDFFHVVLEOHHQGVFUHDWHGE\















,Q >@ WKH WULDO UHVXOWV DIILUPHG WKH SUHFLVLRQRI WKH VWUDLJKWPRGHO DQGZHUH XWLOL]HG WR IRFXVYDOXHV IRU WKH
GLUHFWLYHVFRHIILFLHQWVPDQGEIRUGLIIHUHQWRSHUDWLRQV

4. Test arrangement  

231(7 >@ D GLVFUHWH RFFDVLRQ UHSURGXFWLRQ DSSDUDWXV ZDV XWLOL]HG WR PLPLF WKH 5&* $2'9 DQG '65
URXWLQJFRQYHQWLRQVIRU0$1(7VWKDWUHVXOWVWKHURXWLQJHIILFLHQF\DQGH[HFXWLRQ$OOHYHU\FRQYHQWLRQZDVWULHG
ZLWKWKHVDPHLQWURGXFWRU\FRQGLWLRQVDQGVHHGV$OOUHPRWHQRGHPRGHOVDUHFRQQHFWHGZLWKLQWHUIDFHVZLWK
0ESVGDWHUDWH7KHQRGHVDW UHPRWH LQWHUIDFHZHUHGHVLJQHG WRFRYHUDQRUPDO UDQJHRIPRUHRU OHVVP
ZKHQ QR LPSHGDQFH DQG SK\VLFDO GHWHUUHQWZDV DYDLODEOH /LNHZLVH DOO OLQHG SDFNHW LQRXW EXQGOH VWUHDPVZHUH
JHWWLQJRXWWRFRS\DVHQVLEOHQRGHGLVDSSRLQWPHQW

5. Performance criteria   

7R GLVVHFW WKH H[HFXWLRQ RI WKH URXWLQJ FRQYHQWLRQV GLIIHUHQW TXDQWLWDWLYH PHDVXUHPHQWV ZHUH XWLOL]HG IRU
H[DPLQDWLRQV RI WKRVH FKRVHQ SDUDPHWHUV VXFK DV ELWVV DFKLHYH FDSDFLW\ GHJUHH URXWH UHYHODWLRQ GHOD\ V
QHWZRUNGHOD\VDJJUHJDWHWHOHFDVWUHWUDQVPLVVLRQSDUFHOV5RXWLQJPRYHPHQWWRWKHPHDVXUHRIURXWLQJDFWLYLW\
JRW LQELWVV LQ WKHZKROHQHWZRUN7KLVDFWLYLW\ LQFRUSRUDWHVDOO WKHFRQYHQWLRQ
VFRQWURORYHUKHDGV IRUH[DPSOH
+HOOR PHVVDJHV URXWH GHPDQGDQVZHU EXQGOHV URXWH ODSVHV DQG XSNHHS SDUFHOV 5RXWLQJ UHGHVLJQV DQG
DFNQRZOHGJHPHQWV5RXWLQJPRYHPHQWKDVDKLJKHIIHFWRQWKHQHWZRUNWKURXJKSXW













)LJ VSHDNV WR WKHDJJUHJDWH URXWLQJPRYHPHQW LQELWVV$Q\ LQIRUPDWLRQDFWLYLW\ WKDW LVKDQGHGRIIE\D
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QRGHLQUHPRWHQHWZRUNVPD\EHQXPEHUHGYDULRXVTXDQWLWLHVRIWLPHVIRUWKLVPHDVXUHPHQWVLQFHERWKWKHVRXUFH








55(3 FUHDWHG DFFRUGLQJO\E\ WKH QRGHSHUIRUPV UHJUHVVLYH HQJHQGHULQJ WKURXJK WKHZKROH QHZ IRXQG URXWH WR
DFKLHYH WKH VRXUFH7KHQ DJDLQZKHQ D55(4FUDVK KDSSHQVEHFDXVH RI WKH SDUDOOHO WHOHYLVLRQ LQ WKH5&* WKH
55(3ZLOOEHFUHDWHGE\WKHQRGHDWZKLFKWKH55(4LPSDFWKDVRFFXUUHG
,Q DQ\ FDVH LW ZRXOG EH GHOXGLQJ WR WUDQVODWH WKLV DV DQ LQGLFDWLRQ RI LWV SUHYDOHQW TXDOLW\ZLWKRXW WDNLQJ D







RXW KRZ WR EDODQFH RXW LQ QHWZRUNV WKDW FRPSULVH RI QRGHV ZLWK KLJK VSHHG UHDFKHV )LJ  DGGLWLRQDOO\
GHPRQVWUDWHVWKDWWKH5&*FRQYHQWLRQKDVGRQHZHOODQGLWVDFKLHYHFDSDFLW\GHJUHHGLPLQLVKHVVORZO\ZLWKQRGHV
ZLWK KLJKHU YHORFLW\$V D UXOH D KLJK DFKLHYH FDSDFLW\ SURSRUWLRQ LV DQ LQGLFDWLRQ RI WKH FRQYHQWLRQ SURILFLHQW





)LJ $QG)LJ  GHPRQVWUDWHV WKH QRUPDO URXWLQJ SRVWSRQH WKDW REOLJHG WKH FRQYHQWLRQV WR ILQG QHZZD\V WR










































)LJ  GLVSOD\V WKH UHVXOWV IRU WKH DFKLHYLQJ WKH FDSDFLW\ SURSRUWLRQ ZKLFK LV WKH GHJUHH RI HIIHFWLYH URXWH






















)LJ  VKRZV WKH QRUPDO QXPEHU RI VHQW URXWH UHEURDGFDVWV DPLG WKHZD\ GLVFORVXUH SURFHVV 7KLV ILJXUH
DGGLWLRQDOO\GHPRQVWUDWHVWKHQRUPDOQXPEHURISDFNHWVHYHU\QRGHLQWKHQHWZRUNKDVUHEURDGFDVW














 *pUDXG $OODUG 3DVFDOH 0LQHW 'DQJ4XDQ 1JX\HQ 1LULVKD 6KUHVWKD (YDOXDWLRQ RI WKH HQHUJ\ FRQVXPSWLRQ LQ 0$1(7 LQ
3URFHHGLQJV RI WKH WK ,QWHUQDWLRQDO &RQIHUHQFH RQ $G+RF 0RELOH DQG :LUHOHVV 1HWZRUNV $'+2&12: 6SULQJHU9HUODJ
%HUOLQ+HLGHOEHUJSS±
 '$URUD (0LOOPDQ 6:1HYLOOH2Q WKH VWDWLVWLFDO EHKDYLRUV RI QHWZRUNOHYHO IHDWXUHVZLWKLQ0$1(7V LQ  ,((( QG
,QWHUQDWLRQDO6\PSRVLXPRQ3HUVRQDO,QGRRUDQG0RELOH5DGLR&RPPXQLFDWLRQV3,05&6HSWHPEHUSS±
 66 %DVXUUD 0 'H 9RV - 3DGJHW 7 /HZLV 6 $UPRXU =&* D ]RQHEDVHG URXWLQJ SURWRFRO ZLWK SDUDOOHO FROOLVLRQ JXLGDQFH
EURDGFDVWLQJIRU0$1(7LQWK,(((,QWHUQDWLRQDO&RQIHUHQFHRQ&RPPXQLFDWLRQ7HFKQRORJ\,&&7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